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September 1 98 1
 SYNOPSIS
On May 3, 1977, the International Joint Commission (IJC), at the
request of the governments of the United States and Canada, established the
International Great Lakes Diversions and Consumptive Uses Study Boardto
investigate the effect on the water levels and outflows of the Great Lakes
of: existing and proposed new or changed diversions into, out of and within
the Great Lakes basin; and existing and reasonably foreseeable patterns of
consumptive water uses.
The purpose of this Annex is to document in detail the approach and
methodology used to project consumptive water use in both the United States
and Canadian portions of the Great Lakes and their basins from a base year
1975 to the year 2035. Projections are an integration of consumption in
seven water use sectors from lake and nonlake sources within each of the
five Great Lakes and their drainage basins. The United States projections
are based on data and analyses available from the U.S. Departments of
Commerce, Agriculture, Interior and Energy, the Federal Energy Regulatory
Commission, and the U.S. Water Resources Council. In Canada a
comprehensive historical data base was not available so more fundamental
data analysis and model development was required. Overall, however, the
approaches to determine the projections used in the two countries are
compatible.
Findings and conclusions based on the data, assumptions and
methodologies described in this Annex along with the hydrologic and
economic impacts of projected consumptive water use on levels of the Great
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this study. It describes the methods and techniques employed in obtaining the
water supply data and development of the basis-of-comparison. It also
contains tabulations of the final basis-of-comparison data and tabulations of
the basic data employed in their derivation.
APPENDIX B - COMPUTER MODELS -GREAT LAKES
A documentation of computer "software" containing a complete program
listing of one program developed uniquely for this study as well as a
tabulation of two standard programs used. The programs themselves are stored
in the United States at the offices of the Detroit District, Corps of
Engineers, Detroit, Michigan, and in Canada at the offices of the Inland
Waters Directorate, Federal Department of the Environment, Ottawa, Ontario.
APPENDIX C - DIVERSION MANAGEMENT SCENARIOS
A documentation of the monthly mean levels and flows data of 13 diversion


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































major water use sectors, municipal, manufacturing, and thermal
electric power generation.






































Council's member agencies to assess current and future water
requirements, problems related to this water use and possible
implications for the future, 2) a specific problem analysis was
conducted by regionalagencies to reflect state and regional
viewpoints about management of their water resources, and 3) a
national water and related land use problem analysis was developed
from information collected in the previous phases. The NAS was
organized in this manner to allow presentation of water Supply data
and problems analysis from state, regional, and federal
perspectives. The portion of the assessment prepared by state and
regional agencies, termed the State—Regional Futures, was completed
in 1975. The National Programs and Assessment Task Force, aided by
federal agencies, completed the National-Futures segment of the


















into 12 sub—basin areas to expedite data collection. These
sub-basin areas approximate hydrologic drainage areas within the
Great Lakes basin with boundaries along county lines in closest
approximation to the physical drainage area. The Great Lakes states
and agencies with responsibilities in the basin including the
Federal Power Commission, Energy Research and Development
Administration, Department of Interior, Department of Agriculture,

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 In the post-war period to 1973, Ontario had annual growth
rates of real domestic product over five percent, well in excess of
the national average. Since 1974, real domestic product growth has
fallen to 2.9 percent, below the national average, and one of the
slowest in Canada. In addition, Ontario has assumed a relatively
low position with respect to several other economic indicators —
percentage growth of gross provincial product; percentage growth of
per capita personal disposable income; percentage growth of public
and manufacturing investment; percentage growth of residential
construction; and other factors (10). Several factors have combined
to cause this relatively slow growth, including general recession in
international markets (notably the U.S.), wage and price controls,
inflationary conditions, and rising energy prices. With regard to
energy availability and prices, Ontario has been very sensitive to
the post—1973, OPEC—induced rise in petroleum prices. With
practically no petroleum or natural gas resources, the Province's
industries have experienced lower—than—potential growth. In fact,
the decline of Ontario's relative position in the economic picture
of Canada dates exactly from the period of upheaval in the world
petroleum markets. In terms of specific industries, transportation
and communications, and finance, insurance and real estate have been
relatively high growth performers, while agriculture and mining have
had retarding effects.
In spite of the relative decline in the Ontario economy,
income performance has been above the national average throughOut
the 1970's and the Province still constitutes Canada's highest
concentration of income, at about 40 percent of the national total.
The population has grown at only 1.1 percent annually between 1977 ~
and 1979, lower than the national average, in contrast to the
traditional situation in which Ontario's population growth has been
above average. A lowering birth rate and a slackening of
immigration accounts for low growth rate. The labour force in 1978
has expanded at 3.8 percent annually, with employment increasing at
3.6 percent. The previOus two years saw much the same growth, with
increasing rates of unemployment being the result. This pattern is
the result of the post—war baby boom and is expected to be replaced
by possible labour shortages in the mid—eighties (10). The
strongest labour growth was experienced in the transportation and
communication and the finance, insurance and real estate sectors;
the weakest in construction and non—agricultural primary
industries. The service and manufacturing sectors are the largest
employers in the Province.
1.3.2.2 Brief Reviews of Selected Sectors
This section augments the material given in Section
1.3.2.1 by reviewing recent performance in specific economic
sectors. The sectors selected as being the most important in terms
of water use are: primary industries; manufacturing; and
transportation, c0mmunication and utilities.
 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































upon the growth rate.
1.3.2.5 Comparative Advantage


















still has a number of comparative advantages vis—a-vis Canada as a
whole. Ontario's location, central in Canada and in the midst of
the U.S. market, offers unmatched marketing and transportation
advantages. Nationally, the abundance of water has aided in the
past, and will continue to aid in the location of heavy industry,
which require large water supplies. Although the western part of
Canada is currently undergoing rapid economic growth, this growth
may not extend to a completely diversified economy because of water
constraints. Other natural resources, such as minerals and
particularly uranium are abundant in the Province, and will continue
to provide raw material advantages for Ontario's industry. The
future emphasis on nuclear energy by Ontario Hydro is founded upon
the uranium resources of the Province. It has been assumed that
safety and environmental constraints will be met effectively, and
that the presently anticipated role of this energy source will
materialize. Other comparative advantages of the Province include a
diversified industrial structure, a pool of well educated, skilled
labour, the presence of a well—developed tertiary economic sector,








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Canada's CANDIDE model produced scenarios with growth rates between
3.6 and 4.3 percent for the 1981 to 1985 period (7). Finally,
Brooks forecast an industrial growth rate of 1.7 percent through
2025 in a study of the impact of energy conservation (4).
The variability in the forecasted annual growth rates is
notable (Table 2). The Brooks forecast is heavily attuned to energy
conservation, and thus may be a shade to the low side of the
range. The second EMR forecast was done on the premise that
government policy could cut in half the annual growth of energy use
by 2025, and indicate the growth rates required to achieve this
objective. The industrial growth rate which emerges for the
long—term is between three and four percent. It should be noted
that all studies used a population growth rate for Ontario of 1.5
percent annually.
TABLE 2 CANADA: A SURVEY OF ONTARIO AND CANADIAN ECONOMIC GROWTH RATES
 
Forecasting Area Growth Rate Z
Agency Parameter Covered Period (Compounded Annually)
Ontario real domestic Ontario 1977-87 3.4 (manufacturing)
Economic product 3.3 (all goods production)
Council 4.2 (total activity)
Ontario real domestic Ontario 1978~87 4.8 (manufacturing)
Economic product 4.4 (all goods production)
Council 4.6 (total activity)
DREE real domestic Ontario 1979 3 - 4
product 1980-82 5 - 5.5
1983-84 4 — 5
Porter real domestic Ontario 1976-2000 3.5 (backgrOund study)
Commission product 1976—2000 4 (interim report)
EMR industrial Output Canada 1975~80 5.9
1980-90 3.7
1975~90 4.1
EMR gross national Canada 1975-2000 3.4
product ($1975) 2000-25 1.6
Brooks manufacturing Canada 1975-2025 1.7
output ($1961)
Economic gross national Canada 1981-85 3.6 (low)
Council of product (real) 4.3 (high)
Canada
In this study, the principal growth rates developed were:
population — 1.6 percent; manufacturing output — 3.7 percent; power
production — 4.6 percent; irrigation — 1.5 percent; and livestock —
1.6 percent. If these are placed into the context of the




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The MLP for municipal consumptive use (Table 13) was derived as
follows:
1. Per capita consumptive use rates were modified from the
NAS per capita figures with the assumption of a 10 percent increase
in'the 1975 rate to be attained by the year 2000.
2. Estimates of population served by lake sources in each
basin were multiplied by per capita rates to obtain consumptive use
figures without conservation.
3. Lake served population multiplied by two gpcd produced
net leakage estimates for each lake basin (Table 8) which were added
to the domestic consumptive use figures.
TABLE 8 U.S.: MUNICIPAL SYSTEM LEAKAGE ESTIMATES
FOR THE GREAT LAKES
 
(cfs)
LAKE BASIN 1975 1985 2000 2015 2035
Superior .7 .8 .9 .9 1.0
Michigan 28.6 31.3 34.7 38.1 42.6
Huron 1.7 2.1 2.7 3.3 4.1
Erie 27.8 30.7 34.7 38.7 44.0
Ontario 2.4 2.9 3.7 4.5 5.6
61.2 67-8 76.7 85.5 97.3
4. NAS figures for commercial consumptive water use from lake
sources, the domestic municipal consumption and leakage estimates
were summed to obtain total consumptive use from the lakes.
Prdjections to 2035 Were obtained by extrapolation.
5. Ratios of NAS consumptive use versus withdrawals in the
non—lake served municipal sector were multiplied by the non—lake
domestic withdrawal projections to obtain domestic consumptive use
with assumed conservation.
6. NAS non-lake commercial consumptive use figures were added
to these domestic use projections to obtain total non—lake municipal
consumptive water use. Projections to 2035 were obtained by
extrapolation.
2.1.2. U.S. Alternative Projections
2.1.2.1 Projection 2
This projection (Table 13) was extracted from the Great
Lakes Basin Framework Study.
1. Per capita usage rates were obtained from regional
planning studies and municipality records. OBERS SERIES C
population projections were used in the water use formulations.




































































































































































































































































































































































































































































maximum monthly daily use (gal.)
3:
average daily use (gal.)
b _ total municipal use (gal.)



























































































































































This projection (Table 13) constitutes the NAS municipal
withdrawal and consumptive use estimates (67).
Water Withdrawal
1) Estimates of total domestic central system water use
for the Region were obtained from the original data used to compile
the USGS. Circular 765, "Estimated Use of Water in the United
States in 1975" (43). The original data was compiled by aggregated
subareas (ASA) for the NAS so no direct comparison can be made with
the subtotals in the published report. The 1975 central system
water withdrawals for the region were obtained directly as the
residual of total public systems withdrawal minus industrial and
commercial withdrawal.
2) 1975 USGS estimates of population served by central
systems were divided into the total withdrawal figures for each
A.S.A. to obtain a per capita withdrawal rate (Table 10). It was
assumed that increased water use for water—using appliances would be
counteracted by future water conservation measuresand therefore
these usage rates would remain constant over the projection period.
3) Estimates of population served by central systems for
1985 and 2000 were obtained from the U.S. Department of Agriculture
(USDA) report to the NAS on domestic water use. Projections of the
population served by central systems were based on the OBERS SERIES
E projections and rates of transition from self—supplied to
centrally supplied systems as determined from the 1950, 1960, and
1970 U.S. Censuses.
4) The USDA estimates of population served by central
systems for 1985 and 2000 were multiplied by the 1975 per capita use
rates to derive projections of domestic municipal withdrawals and
the projections were extrapolated to 2035 based on extension of
population trends.
Consumptive Use
1) 1975 estimates of consumptive use of domestic central
supplies in the NAS were derived from the ratio of total water
consumption to total withdrawals from public supply systems as
indicated in the USGS data. This method assumes that the ratio
between industrial, commercial and domestic central system users is
relatively constant. The withdrawal figures obtained for each of
these central system users were multiplied by the standard ratio to
derive consumptive use estimates for commercial and domestic
segments.
2) 1975 USGS estimates of population served by central
systems were divided into the domestic consumptive use figures for


















































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 12 U.S.: PERCENT DIFFERENCE OF OBERS E POPULATION
PROJECTIONS FROM STATE CENSUS FIGURES
  







Differences in the population projections are a result of
several factors including variation in census data boundaries,
sampling techniques, and projection methods. Neither data set
appears to contain sophisticated sampling or projection techniques
that should make it superior to the other.
The following procedure was used to develop Projection 4
water use projections:
1. State Census population data for counties within the
Great Lakes basin were aggregated bythe same basin sub—areas used
in the NAS.
2. The percentages of total population served by
municipal systems in each lake basin were calculated as the ratio of
municipal population determined in the NAS to total OBERS SERIES E
projections for each lake basin. These percentages were applied to
the State Census figures to determine the municipal population by
lake basin.
3. The municipal population in each basin was multiplied
by the NAS per capita withdrawal and consumptive use rates to derive
the withdrawal and consumptive use projections.
2.1.2.4 Projection 5
The movement toward water conservation has become
sufficiently active that a conservation scenario was thought to be a
viable projection of future water—use trends. The GLBC Great Lakes
Basin Plan Water Conservation Assessment in an analysis of
municipal, industrial, and agricultural water use concludes that the
greatest benefits from water conservation in the Great Lakes basin
would result from efforts in the municipal sector. An estimate of
10 percent reduction in total water withdrawals for municipal use
was chosen as a result of conversations with members of the
Commission staff. This figure was thought to represent a realistic
estimate of the average saving of water throughout the basin if a
moderate effort was successfully implemented (44).







































































































































































































































































































































































































































































































































































2.2.1 Detailed Methodology for Municipal and Rural Domestic
Sectors
2.2.1.1 County Population Forecasts
Two sets of p0pulation forecasts formed the basis of
projecting municipal water use. These forecasts, prepared by
Ontario's Ministry of Treasury, Economics and Intergovernmental
Affairs (TEIGA) (13), reflect alternative assumptions as to
fertility, with net migration held constant at 50,000 persons per
year. The two levels of fertility are termed low and medium by
TEIGA. The high—fertility—based forecast was not used because
recent demographic trends indicate a trend to smaller families, and
consequently lower population growth. The forecasts used were
available by county, covering a period from 1971 to 2001. linear
regression equations using an exponential form were derived to
describe the population growth for each county and for each forecast
set. These were used to extend the available forecasts to 2035. In
mathematical terms:
Pi,t=Pi - ert (i=1...42
t t,t+5,t+10, ....,t+60)
F-20
 where Pi’t = the present population in the county i in period t,
where t represents the base year 1975 and t = 60 is
the last forecast year 2035.
e = 2.71828...
r = annual average growth rate (as calculated from the 1971-2001
population forecast).
For each reporting year of the forecast period, a diagonal
matrix of county populations was formed, wherein the population
figures comprise the principal diagonal of the matrix, and all
off—diagonal elements are equal to zero. The notation Pi’t is
used to symbolize this matrix in time t.
2.2.1.2 Basin Disaggregation
Since many of the counties fall into two or even three
basins, the proportion of the total county population falling into
each basin had to be calculated. An analysis done at the Canada
Centre for Inland Waters (CCIW) gives population by lake basin from
1901 to 1971 (2), but, for the current research only the period 1951
to 1971 was used. Total county populations for the same period were
obtained from Statistics Canada. For each five—year interval, the
proportion of county population falling into each basin was
calculated, following which the time trend of the proportions was
analyzed. In most cases, the proportions were remarkably stable and
thus were left constant over the forecast period. Where a time
trend did exist, the method of three—period rolling averages was





D. . =-—-———— i = l...42
l,t,J Pi t (
’ = t - 24, t — 19, t e 4
j = l...5
where Di,t,j = the proportion of county i's population in time t
residing in basin j
Pi t’j = the number of persons in county i in time period t
9 . .
also residing in ba51n J
P1 t = as defined above
9
Calculation of three—period rolling averages: The model is
calibrated for the period 1951~l971.
Di,t—5,j + Di,t,j + Di,t+5
_ = '= 1...















































































































Di,t,j = Di,t—b,j Mi (1 = 1"'42)
000,
j: 10-05
where b = the number of years over which M1 is compounded. In
this case b = 5 in all cases.
After Bi,t,j's are calculated, diagonal matricies Di,t,j one
for each reporting period, are composed by allocating each 51 t,j
to a position on the principal diagonal of a matrix, with all
off-diagonal elements equal to zero.
2.2.1.3 Municipal Population Forecasts
The total county population forecasts must be split into
municipal and rural components. This involved analyzing the
municipal/rural split of population in each of the counties since
1951 and projecting it to 2035. The rolling average method was used
in projecting the municipal/urban split. Because of rapid
urbanization, use of the rolling average method often resulted in
forecasts which classified the entire population of a county as
municipal. When this occurred, a ceiling was placed on the
municipal proportion of the population, beyond which the
municipal/rural proportion for the county was held constant. This
ceiling was somewhat artificial, but was based upon the judgement of
the authors, taking account of overall population trends, locational
factors, etc.
In mathematical terms, the first step was to calculate the








































































where Li = the average annual rate of change in a county's
pOpulation over the 1951 to 1971 period.
b = the number of years over which the growth rate is
compounded. For 1971 to 1975, b = 4; for forecasts
after 1975, b = 5.
Third, for all reporting periods in the time frame,
calculate an average value of Ei,t, based on the rolling average
method. These values are designated Ei’t, and represent the
municipal proportions of county populations for future reporting




















adjustment process, a diagonal matrix Ei,t was formulated for
each reporting period, wherein the individual Ei,t's form the
principal diagonal and all off—diagonal elements are zero.
2.2.1.4 Municipal Water Use Analysis
Two major municipal water uses are considered in this
section: domestic and commercial—institutional. The only reliable





















Systems (9). The individual municipal responses to this inventory
were used to develop per capita water use coefficients. These raw
coefficients show considerable variation among municipalities, as a



































region were chosen. This was done because each county
by itself has insufficient uSeable data to permit
statistical analysis. The eleven groups are:
I: Lambton, Kent, Essex
II: Perth, Huron, Wellington
III: Bruce, Grey Dufferin
IV: Elgin, Middlesex, Oxford
V: Brant, Haldimand—Norfolk, Waterloo


















VIII: Durham, Victoria, Peterborough, Haliburton,
Hastings, Northumberland





































was to obtain contiguous groups of counties with at
least 15 municipalities in each.
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b. The coefficients of domestic and
commercial—institutional water use per capita for each
of the eleven groupswere ordered from low to high.
c. To eliminate extreme values, the data falling below
the tenth percentile and above the ninetieth
percentile Were eliminated from each group.
d. The mean, median and standard error of the mean of
each group were calculated, following a logarithmic
transformation of the data.
e.










To account for the variation












































































































































These coefficients are shown in Table































































































































































































































































































































































































































































































































































The mean commercial water use coefficients vary between
10.0 gpcd and 28.0 gpcd, with an areal variation similar to that
outlined for the residential coefficients. The band of variation is
quite broad, with the coefficients falling within +40 percent of the
mean. Again an unexplained skewness is apparent. _Sources of
variation in the two sets of coefficients rest mainly with
estimation problems and different classification methods used by the
respondents to the original survey.
2.2.1.5 Calculation of the Municipal Water Demands
i. To calculate the total county population in reporting









t=t, t+5, t+10, ...,
t + 60
j= 1...5)
ii. To calculate the municipal population of each county
residing in each basin Fi’t
yJ'




iii. To calculate municipal water
intake in three use
categories by basin:
















and basin j, for each of the n sets of
coefficients, where n = 4

































 v. Rural residential water intake (RWI) is assumed to be
35 gallons per capita-day; 60 percent of which is
consumed. Thus:

























Two types of assumptions are built into the methodology. The
first type relates to demographic assumptions underlying the
population projections. The two alternatives selected employ the
same assumption about migration into the province at a level of
50,000 persons per year. They differ only in their fertility
assumption, one being designated a low fertility projection, the
other a medium fertility projection. The second type of assumption
relates to the reliability of the coefficients to reflect the
underlying variables of municipal water use. This assumption is
open to criticism (58) centering upon the inability of coefficients
to account for variables such as water availability, water pricing
structures, and several other sources of structural variation.
However, the coefficients approach is a standard one, and two
features of the present study permit its use. First, the level of
disaggregation is only to the lake basin level, a fairly broad one
in spatial terms. Thus, errors which might occur at the individual
municipal level are assumed to be compensating ones at the broader
level. The caveat mentioned above follows from this, namely that
the forecasts presented here cannot be disaggregated without
introducing undefined, but possibly critical errors. The second
mitigating factor is that the coefficients have been allowed to
assume four different values. Most of the variations in municipal
water use will be captured in this way.
2.2.3 Discussion of Results














































































































































































































































































TABLE 15 CANADA: MUNICIPAL POPULATION BY LAKE BASIN AND
SELECTED YEAR
(thousands of persons)
Lake Basin Year Population
Medium E9!
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1. An estimate of the number of people served by
self—supplied systems in 1970 was determined with 1970 Census of
Housing data. Tabulations were made of population, total h0using
units and units without plumbing for counties in each ASA. Data
were also compiled for housing units with an individual well water
source and those with other water sources. The individual well


















The number of self—supplied systems was calculated by summing
the number of units with individual well and other water sources.
The percentage of total housing units with self—supplied systems was
obtained by dividing the number of self—supplied systems by the
total number of h0using units. Total population served by
self—supplied systems in 1970 was calculated by multiplying the
percent of units with self—supplied systems by the OBERS SERIES E
1970 population.

































































decline in numbers of self—supplied systems from 1970 was calculated




























































































































































































































































































































































































































































































































































































3.2 Rural—Domestic Water Use: Canada
The current and projected water use figures for rural
residential purposes are given in Table 17. Two forecasts of rural
population described in Section 2.2 were used to project the water
use. All withdrawals for rural—domestic purposes are from non—lake
sources.
4.1 Manufacturing Water Use: United States
4.1.1 U.S. Concepts and Approach
Approximately 90 percent of U.S. manufacturing water
withdrawals are made by five industry groups:
food and kindred
products, paper and allied products, petroleum and coal products,
chemical and allied products, and primary metals processing (49).
Currently,
the greatest consumer of manufacturing water
is primary
metals processing and it is expected to maintain this ranking to
2035.
The greatest
rate increase in consumption within
the
manufacturing sector is projected for chemical and allied products
where




Most of the manufacturing industries requiring large quantities
of water are located in the shoreline counties of the Basin and the
lakes serve as the source of water supply for over 90 percent of
current manufacturing needs.
This proportion is expected to remain
relatively constant to 2035 as the lakes continue to serve as a
source of abundant water (23).
Thus, the majority of the projected
increases in consumptive
use will be taken directly from the lakes.
A study undertaken by the Bureau of Economic Analysis indicates that
the least-cost method of meeting Clean Water Act goals for most
large manufacturing water users involves a high degree of
within—plant
reuse of treated and untreated wastewater
instead of
using water on a once-through basis.
The cost savings calculated by
the Bureau of Domestic
Commerce in new plant construction are so
substantial as to induce water reuse to the optimum level.
The
water
costs and savings may not be the same for existing
manufacturing operations as the difficulties encountered
in










of the most likely projections
for manufacturing water
use.
























best practicable technology (BPT)











mandated by P. L.
95-217.























































































































































































































































































































































































         
 
    




























































































































































   
 Experience in Detroit with industrial water recyling indicates
that for economic reasons some existing industries are converting to
closed systems as means of recovering material products and
byproducts in addition to the apparent water quality benefits
derived from recycling (49). Effective cycling of industrial
waste—water could also promote compliance with federal drinking
water standards thus assuring state and federal efforts toward state
control over water treatment works and distribution systems. Thus,
additional incentives may be provided to industry in the future to
encourage conformance with such policies.
4.1.2 Most Likely U.S. Projection
The primary asumptions used to formulate the MLP (Table 18) are:
1) economic growth according to OBERS SERIES E projections.
2) institution of best available technology (high recycle
rate) in manufacturing water use systems coming on line after 1975.
3) the best practicable technology in 1975 within a major
industry group (low recycle rate) will be uniformly adopted by
existing industry within each group.
4) water withdrawals for new industry will decrease in direct
proportion to increases in consumptive use.
5) the relationship between water withdrawals and consumptive
use for industry existingin 1975 will remain constant throughout
the projection period.
The MLP water use estimates were derived from Projection 3 with
modification of the P.L. 95—217 compliance compliance assumption as
interpreted in the NAS. The NAS presumes that all industries will
incorporate the maximum attainable recirculation. The MLP was
formulated on the assumption that new industry, coming on line after
1975, will utilize best available technology with associated high
recirculation rates while industry existing in 1975 will continue to
use low recirculation rates. The high recirculation rate used for
new industry reflects the best available technology for pollution
control according to a 1975 Department of Commerce survey of 10,000
manufacturing plants. The low recirculation rates represent the
mean rate for each major manufacturing category which were assumed
to represent best practicable technology for the existing segment of
the manufacturing sector. Total manufacturing water use projections
are the sum of the increment of new manufacturing water use
estimates plus the existing 1975 water use. The procedure used to
derive the withdrawal and consumptive use projections is outlined
below.
1. Manufacturing earnings projections for the major industry
groups in each lake basin were obtained for 1975 to 2035 from OBERS
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.2.1.1 The Input—Output Model
The econometric model of Canadian water use is based upon
the Ontario input—output (I—O) table for 1965. The input—output
methodology applied to water demand forecasting has been described
by several researchers (37). Thus, only a brief outline of the
model will be given. The manufacturing sectors used in the analysis
were based upon the 2-digit Standard Industrial Classification of
Statistics Canada (57).
The concept of an economic multiplier is a well—known
one. According to this concept any given expenditure on the
products of an industry will not only affect that industry, but also
the output of many other industries. This effect occurs because
industries are interconnected — for example automobiles with steel,
plastics, textiles and ultimately to seemingly unrelated industries
like food and beverages, paper, etc.
The multiplier is a measure of
how a given expenditure (e.g. $1 million) will affect the total
output of industry after all interactions have worked through the
system.
Input-output analysis is designed to examine these
interactions, as well as to examine the underlying structure of an
economy.
The basic tool of I—O analysis is an I—O table, of which
there can be several types.
Table 19 is a "square" table, with 25
rows and 25 columns in the intermediate demand section of the table,
one column for final demand and one row for value added.
The
intermediate demand sector of the table shows, reading across
the
rows, how the produce of each industry is distributed to every other
industry in the system.
Reading down the columns,
it shows how the
inputs used by each industry is derived from the industries in the
system.
The final demand column shows how much of each industry's
output is used by ultimate points of consumption, and is calculated
by aggregating private
(household) expenditures, government
expenditures and seVeral other types of expenditures.
The value




which is used by
eachindustry.










were not used as extensively in agriculture
and power generation as
they were in manufacturing and mining.














year, 1965 was $1.706.8 million (row 1, column 27).
Of this total,
$604 million went to satisfy final demands as indicated in row 1,
column 26.












million was used by the industry itself (i.e.
intra—industry
demand), none by mining, $781 million by food and beverages (row 1,
column 3), and so on across row 1 of the table.
The total value of inputs to the industry equals the total
value of outputs, and reading down the first column, one can see how
the inputs to agriculture were derived:
$113.6 million from the




























































































































































































































































































































































































































































































































































and beverages, and so on. Primary inputs (e.g. labour) were valued
at $897.6 million, as indicated in row 26, column 1. The table is
really a balance sheet, in which the total value of inputs in each
industry equalsits total value of outputs.
The basic I—O algorithm states that total demand (X) for
the goods produced in an economy is the sum of intermediate demand
(AX) plus final demand (F), where A is a 25 x 25 matrix of
proportions (called technological coefficients) showing how much of
each industry's production is used per dollar of output by each
industry in the intermediate demand sector of Table 20. In
mathematical terms:
(1) X = AX + F (X and F are 25 X 1 column vectors)
The object of this analysis is to show how a given change
in expenditure in any or all categories of final demand will affect
the output levels in all component sectors of the economy. Once
this has been done, the analysis proceeds to examine the effects of
these changed production levels on water use. To fulfill the first
objective requires mathematical steps which, although conceptually
simple, require the use of a computer when working with a table the
size of the one used here. Conceptually, these steps follow from
the first equation.
(2) X-AX=F
X(I — A = F (where I is a 25 x 25 identity matrix)
(3) X = (I — A)‘1'F (where (I — A)"1 is the inverse of
(I - A))
The process of matrix inversion is a common mathematical
tool, and in this case, shows how a unit increase (i.e. $1) in
expenditure in all sectors will ultimately change the production
levels in all sectors. After calculation of the inverse, this
algorithm allows calculations of the set of industrial outputs
required to satisfy a set of final demands.
The technical coefficients matrix, A, is derived from
Table 19, by dividing each entry in the intermediate demand sector
of the table by its respective column total, the result being shown
in Table 20. Each entry in Table 20 shows the amount spent on the
products of each industry per dollar of total input or output. This
matrix is then subtracted from an identity matrix of the same order
(i.e. 25 x 25) to give the (I — A) matrix of Equation 3 above. The
latter is then inverted mathematically to give the inverse (I -
A)“l, the transposed form of which is shown in Table 21.
Table 21 is the key one for the purposes of this study,
for it shows the total impact of unit expenditures in each industry
(via final demand) on all industrial sectors in the system.
Specifically, it shows the amount of production from each industry
at the top of the table required to deliver one dollar's worth of
final demand from each industry at the left. For example,


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 TABLE 21 CANADA: DIRECT PLUS INDIRECT REQUIREMENTS PER DOLLAR OF FINAL DEMAND
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, VALUE OF OUTPUT AND HATER us: COEFFICIENTS av INDUSTRY FOR ONTARIO 1971
TABLE 23
CANADA-
NILLION GALLONS PER DAY MILLION 0 LL RS pan vs
  
Output Value Total Hater

































































































































































where (I — A)T ‘1 = the transposed form of the inverse
(i.e. the matrix shown in Equation 3)
Wk = the matrix of water use coefficients for parameter k
(k =1,ooo,7)
WIk = the water use interactions matrix for parameter k
The water use interactions matrices show the amOunt of
water required (thousand gallons per day) by eachindustry from the
source indicated at the top of the table to satisfy one million
dollars worth of annual deliveries to final demand by each industry
at the left.
The water use interactions matrices can be used to project
water uses over a given period of time. The method used to project
final demand has been outlined,
and in terms of the model, a final





















be a projection of water use


















































































































































































































































































































growth rates, both as sets (i.e. high, medium or low rates in all
industries) or as selected combinations of high, medium or low rates
for individual industries.
In the section which follows a method is
developed for altering the water use coefficients.
The model is
capable of handling these alterations fairly simply by adjusting the
water use coefficient matrices.
An additional advantage of the
model relates to testing the impact on water use of changes in
specific industries. In the same manner that changes in expenditure
patterns (i.e. in final demand) will cause changes in employment, so
will they cause changes in water use. The former changes are
quantified by developing employment multipliers using an 1—0 table
(34). In a similar manner, water use multipliers can be developed
from the water use interactions tables.
One limitation of the model concerns the assumed constancy
of the I—0 technological coefficients (Table 20) throughout the
forecasting period. Much criticism of 1-0 models has concentrated
on this constancy assumption (29). Stated simply, the problem is
that the constancy assumption makes no allowance for technological
change, more efficient methods of production, economies of scale,
etc. While this problem is no doubt a major one, some preliminary
evidence for coefficient stability was derived by testing the
Canadian I-O model over a 10—year period. Regression analysis of
individual coefficients suggests no slope to the regression line,
indicative of coefficient constancy. Since the Ontario economy
forms a major part of the national economy, it is suggested that
this preliminary evidence of constancy extends to the Ontario I-O
table (15). Also, there is no reason that technological
coefficients cannot be altered in future periods, based on trend
line evidence, following methods suggested by Miernyk (37).
F-53
  
 4.2.1.5 Current Water Use
The source of water use data for manufacturing was an
Environment Canada water use survey for 1972 (59). A breakdown of
water use by manufacturing sector is shown in Table 24. Seven
parameters of water use were developed during the project although
only two of these, total water withdrawal and total consumption, are
highlighted. Table 24 gives both the Ontario and the Great Lakes
water use statistics. Water withdrawal forecasts provide an
estimator of the volume of daily water use and water consumption an
estimator of instantaneous water loss.
Total water intake for the Ontario manufacturing
industries in 1971 was 4,940 cfs, and had increased to 5,870 cfs by
1975. Firms in the Great Lakes basin accounted for 95 percent of
total withdrawal, or 5,580 cfs. Gross water use in Ontario for 1975
totalled 10,880 cfs for Ontario, giving an overall use rate (i.e.
gross use divided by intake) of 1.85. Water consumption for 1975
was 230 cfs, resulting in a consumption rate of four percent. The
use and consumption rates for Ontario as a whole apply also to the
Great Lakes basin, resulting in a gross water use in the basin of
10,310 cfs and a water consumption of 220 cfs. Five manufacturing
sectors, chemicals, primary metals, paper and allied products,
rubber and plastics, and petroleum and coal, accounted for 78
percent of the total water withdrawals and 79 percent of total
consumption by manufacturing firms in the basin in 1975. The use
rates for these five industries average 2.03, ranging between 1.23
for rubber and plastics, and 3.39 for paper and allied products.
Consumption rates for these same industries average four percent,
reflecting the basin average, varying from a low of two percent for
pulp and paper to a high of five percent for both chemicals and
petroleum and coal.
Having approached water demand forecasts from the "top
down", it remains to break the forecasted basin totals into
sub—basins and into lake versus non—lake sources. Tb do so implies
a knowledge of future industrial location. This forced the simplest
of disaggregation techniques, namely the assumption that future
water use would be distributed among basins and sources as it is
currently.
This assumption is questionable, but seems reasonable
for the purposes of the overall study.
Table 25 contains data on current manufacturing water use
by lake basin.
The Lake Ontario basin, with 36 percent of the water
intake in 1975, dominates the current Great Lakes water use in
manufacturing.







CANADA: MANUFACTURING WATER USE BY SECTOR, 1971 AND 1975
(CfS) g .1
3‘.
Total Water Withdrawal Total Consumption 1%
Sector
Year
Ontario Great Lakes Basin Ontario Great Lakes Basin
$2
i;
Food and Bev. 1971 190 ' 170 20 20 ,§
1975 220 200 20 20 1%
















Plastics 1975 600 600 10 10 3i
Leather 1971 10 10 0 0
1975 10 10 0 0
Textiles, etc. 1971 80 80 0 0
1975 100 90 0 0
Wood, etc. 1971 10 10 0 O
1975 10 10 0 0
Paper and Allied 1971 860 650 40 30
1975 1,000 750 50 40
Printing, etc. 1971 10 10 0 0 :1
1975 10 10 0 0 '1
Iron and Steel 1971 1,200 1,200 30 30 1
1975 1,430 1,430 30 30 I
Other Primary 1971 80 80 0 O
Metals 1975 90 90 0 0 ‘
Metal Fabricating 1971 30 20 0 0 f1
1975 30 3O 0 0 1
Machinery 1971 10 10 0 0 ‘ :1





























Products 1975 40 30 0 0






































































































TABLE 25 CANADA: MANUFACTURING WATER USE BY LAKE BASIN, 1975
Total Water Z Withdrawn Total-
Withdrawal from Lake Consumption
(cfs) (CfS)
Lake Superior 700 99 20
Lake Huron 1100 70 60
Lake Erie 1520 88 60
Lake Ontario 1990 90 70
St. Lawrence 260 90 10
TOTALS 5570 87 220
three basins account for 83 percent of the total water withdrawal.
Consumption rates vary amongst lake basins, from a low of 2.7
percent in Lake Superior to a high of 5.3 percent in Lake Huron.
This variation reflects the industrial composition of the basins.
The Lake Superior water use, for example, is dominated by the paper
and allied products industry, and the figures accordingly mirror
that industry's consumption rate of two percent.
On the basis of the 1971 water use information for Ontario
as a whole, the vectors of water use coefficients were developed.








































































































































































































Rubber & Plastic 0.3599379 0.0021616
Leather 0.0122965 0.0010447
Textiles, etc. 0.0346011 0.0009243
Wood, etc. 0.0080522 0.0007265
Paper & Allied 0.3592791 0.0162767
Printing, etc. 0.0019667 0.0000825
Iron & Steel 0.4678517 0.0107490
Other primary metals 0.0431389 0.0009916
Metal Fab. 0.0045882 0.0002497
Machinery 0.0046163 0.0002613
Trans. Equipment 0.0217472 0.0006739
Electrical Products 0.0085573 0.0002548

































beverage sectors. 1b base long term growth rates on this 25nyear
period would probably bias the results of the water use forecasting
toward the high side. Nevertheless, the economic statistics from
this period had to be used in formulating a future growth pattern
for they are the best data available. The 25—year period was split
into five—year segments. Compound annual growth rates for each
period were then calculated, and three growth scenarios were.
formulated. The high scenario used the highest five~year growth
rate, the low scenario the lowest rate and the medium scenario the
median rate. These rates are shown in Table 27. For the MLP it was
assumed that growth in each industry would reflect the medium rate
of growth to 1985, the low rate of growth past 2000 and the average
of these two rates between 1985 and 2000. The forecasted economic
output resulting from this growth pattern is shown by industrial
sector in Table 28. Using the final demand projections as the
"driver" of the water use model results in the MLP projections of
water withdrawal Table 29 and consumption Table 30.
4.2.1.7 Alternative Projections for Manufacturing Water
Use
In order to demonstrate the alteration to the Canadian MLP
of manufacturing water use as a result of varying the underlying
assumptions of the model, five cases will be presented.
The first
alters the growth rate for each sector from the MLP to the high,
medium and low rates shown in Table 27.
These high, medium and low
scenarios set upper and lOWer limits on the MLP projection.
The
second alteration uses a set of constant growth rates based on the
last 25 years.










withdrawal and consumption rates.
The fourth simulation
shows what
would happen to water withdrawal and consumption in the Canadian
section of






































































































































































Paper & Allied 5 4 3










Machinery 7 5 3
Transportation
Equipment 7 4 1/2 3
Electrical Products 7 5 3 1/2
Non—Metallic Mineral
Products 6 4 1/2 3
Petroleum & Coal 6 4 1/2 3 1/2
Chemicals, etc. 6 4 3/4 4
Miscellaneous 5 4 1/2 4
Electrical Power 5 4 1/2 3 1/2
Agriculture 4 1/2 3 1/2 2 1/2





















































































































































































































































































































































































































































































































































































































































































































































































equations based upon historic data.
As outlined earlier, this
growth scenario
is probably too high to be considered an accurate
forecast.
4.2.1.10 Water Use and Technological Change
One of the most important factors affecting industrial
water use is the technology used in circulating water through
plants. Changes designed to recirculate more water will lead to
reductions in water demand. They may or may not affect water
consumption. Thus, it is important in making defensible water
demand forecasts that technology be taken into account explicitly
(3).
One way of approaching the technological change problem is
empirically, through examining changes over time in the use rate and
the consumption rate. The use rate is the ratio of gross water use
to water intake. The consumption rate is the ratio of water
consumption to gross water use. The difficulty in using this
approach is the non—existence of an appropriate time series of water
use data in Canada. However, water use surveys have been conducted
in the U.S. by the Department of Commerce every four or five years
(5), and the published results of these surveys are an appropriate
place to begin an analysis of technological change as it affects
water use.
For each major industry, except agriculture and thermal
power generation for which no data could be found, the published
U.S. data were used to develop use rates and consumption rates for
1954, 1959, 1964, 1968, and 1973. It was assumed that trends in
these rates reflect the evolving state of water use technology.
Since the U.S. has a somewhat more watermintensive industry (with
higher use and consumption rates generally), technological impacts
on water use can be examined by allowing Canadian water use patterns
to assume the parameteric values associated with the U.S. data.
Specifically, for each industry, the method allOWed the Ontario use


































   
TABLE 29 CANADA: PROJECTED MANUFACTURING WATER WITHDRAWALS BY LAKE BASIN
W
(cfs)
Basin Industry 1975 1985 2000 2015 2035
Lake Superior Chemical & Allied Products 10 10 3O 50 120
Primary Metals 390 610 1,100 1,840 3,660
Paper & Allied Products 290 430 710 1,100 1,990
Petroleum & Coal Products 0 - — — —
Rubber & Plastic Products 0 - — - a
Others 10 10 10 20 30
TOTAL 700 1,060 1,850 3,010 5,800
Lake Huron Chemical & Allied Products 330 520 1,000 1,800 3,930
Primary Metals 50 80 140 230 460
Paper & Allied Products 290 430 720 1,120 2,020
Petroleum & Coal Products 0 - — — -
Rubber & Plastic Products 410 630 1,040 1,400 2,080
Others 30 4O 6O 90 150
TOTAL 1,110 1,690 2,950 4,630 8,640
Lake Erie Chemical & Allied Products 1,020 1,620 3,120 5,620 12,300
Primary Metals 60 10 10 20 50
Paper & Allied Products 10 10 10 10 10
Petroleum & Coal Products 250 390 710 1,180 2,350
Rubber & Plastic Products 20 30 50 60 100
Others 220 330 540 830 1,460
TOTAL 1,520 2,380 4,440 7,720 16,270
Lake Ontario Chemical & Allied Products 150 240 460 820 1,810
Primary Metals 1,070 1,670 2,990 5,000 9,950
Paper & Allied Products 80 120 190 300 550
Petroleum & Coal Products 160 250 450 750 1,490
Rubber & Plastics Products 170 260 420 570 840
Others 360 500 800 1,180 2,030
TOTAL 1,990 3,030 5,300 8,630 16,670
St. Lawrence Chemical & Allied Products 90 140 280 510 1,110
River Primary Metals - - — 10 10
Paper & Allied Products 100 150 250 380 690
Petroleum & Coal Products — - — — —
Rubber & Plastic Products 10 10 10 20 30
Others 60 80 110 150 220
TOTAL 260 380 650 1,050 2,050
Great Lakes Chemical & Allied Products 1,600 2,530 4,880 8,790 19,270
Primary MEtalS 1,520 2,360 4,240 7,100 14,120
PaPer & Allied Products 760 1,120 1,870 2,910 5,260
Petroleum & Coal Products 420 640 1,150 1,930 3,850
Rubber & Plastic Products 600 920 1,520 2,050 3,050





























































































Primary Metals — _ - _ 10
















































































Primary Metals 30 50 90 140 290






Petroleum & Coal Products 10 10 10 10 20






Others 20 30 50 70 120
TOTAL 70 110 190 320 620
St. Lawrence






Primary Metals - - - - -
Paper & Allied Products 10 10 10 20 4O
Petroleum & Coal Products — — — - -
Rubber & Plastic Products — — — — ~
Others 10 10 10 10 10
TOTAL 10 10 20 30 60
Great Lakes Chemical & Allied Products 90 130 260 470 1,030
Primary Metals 40 50 100 160 320
Paper & Allied Products 40 60 90 140 260
Petroleum & Coal Products 20 30 50 90 180
Rubber & Plastic Products 10 10 10 10 20
Others 40 60 90 130 220
TOTAL 220 340 600 1,010 2,030











































































































































































































































































































































































































































































































 This set of simulations allows conclusions to be drawn on what will
happen to water demands if water use patterns change in intensity
during the forecast period.
Data on the parametric values used are shown in Table 33,
based upon the five annual surveys conducted in the U.S. between
1954 and 1973. The use and consumptive rates are shown because they
are the parameters of water use thought to be important in analyzing
future water use. The gross use per employee parameter is used to
relate economic output to water use. According to the methodology,
the various Canadian parameters were allowed to assume, in turn, the
high and the low U.S. values over the 60—year life of the forecast
in linear increments. Then a medium scenario was calculated by
averaging, for each forecast year, the high and low values. The
gross use per employee figure was used, after conversion to gross
use permillion dollars of output, to calculate newcoefficients for
the water use model, which, when applied to the MLP forecasts of
output, enabledthe computation of new gross water use amounts for
each forecasting year.
An example of the method for projecting parametric values
is given in Table 32. Working with the set of data on use rates
from Table 33, the figure for 1975 is the most current Canadian
measure of this parameter. The figures for this parameter for 2035
are the highest and lowest values from the corresponding array in
Table 33, for the high and low respectively and the average of these
two figures.
TABLE 32 CANADA: USE RATE MANIPULAIIONS, FOOD AND BEVERAGE INDUSTRY
Use Rate
Year High Medium Low
1975 - 1.330 —
1980 1.465 1.418 1.370
2000 1.668 1.549 1.430
2015 1.870 1.680 1.490







































































































































































   






























   
 
  
   
  
    
  
  
   
  














Food & Beverage 1954 2.14 -0501
1959 2.08 .0408
1964 1.57 .0605
1968 1.66 .0431 .
1973 1.96 (1.33)4 .0373 (.0883)




1973 20.00 (8.23) .0100 (.0468)




1973 2.39 (1.53) .0423 (.0278) 3
Lumber & Wood 1954 1.20 .1580
1959 1.31 .0761
1964 1.44 .1290 |
1968 2.03 .0390
1973 1.66 (1.10) .1396 (.0231) 1
Furniture & 1954 1.14 .3750
Fixtures 1959 1.33 -2500
1964 1.33 -
1968 1.50 ~
1973 1.50 (1.10) ~ (.0599)
paper & Allied 1954 2.37 .0391
Industries 1959 3.12 .0187 .
1964 1.41 .0222 1
1968 2.90 .0267 f
1973 3.37 (2.42) .0140 (.0129) E






1964 1.98 .0273 E
1968 2.10 .0320 1
1973 2.66 (1.34) .0167 (.0293)












9.13 (1.52) .0106 (.0242)
F-66
 
 Leather & Leather 1954 1.10 .0909







1973 1.25 (1.11) — (.0687)
Non—Metallic 1954 2.23 .0435
Minerals 1959 1.64 -
1964 1.56 .0797
1968 1.65 .0799
1973 2.17 (1.82) .0568 (.1383)




1973 1.79 (1.77) .0208 (.0154) 3.
Machinery 1954 1.34 — :5
1959 1.46 .0239 'f
1964 1.73 .0292 ,3
1968 1.79 .0237 g
1973 2.56 (2.52) .0137 (.0400) 1
Electrical 1954 1.14 .1846 1%
Equipment 1959 1.71 .0314 51
1964 2.69 .0511 :1
1968 2.91 .0243 f?
1973 10.02 (2.34) .1160 (.0103) '1
'1
Transportation 1954 1.41 .0492 f



























































































































































































 Under the extensive water use future, water intake will be
relatively large because recirculation, as reflected by the use
rate, will be relatively low. It follows that consumption will be
relatively low in the face of low recirculation. The reverse
reasoning can be applied to selection of use and consumption rates
for the intensive water use future. Both rates will be high for
this alternative. Since the Subject of interest here is the
technology of water use Within plants, gross use is held constant at
the MLP rates.
The simulation results are shown in Table 34 in aggregated
form for all manufacturing sectors. For the extensive water use
scenario, water withdrawal increases at an average annual rate of
4.0 percent. Consumption, on the other hand, will increase by a
slower rate of 3.3 percent. This scenario represents what would
happen if Canadian water use patterns reflected the most extensive
patterns experienced in the U.S.
Under the medium set of assumptions, the average annual
growth rate for water withdrawal decreases to 3.4 percent, while
that for consumption increases to 4.2 percent. This scenario
produces results relatively close to the MLP.
The set of assumptions denoting the most intensive water
use results
in average annual growth of 3.0 percent and 4.9 percent
respectively over the current figures, and will be the result if the
intensity of water use in Canada approaches
the maximum
intensity
yet experienced in the United States.
































































































































































































































































































































St. Lawrence 1975 - 260 —


























2035 58,700 40,690 31,960 1,520 2,640 3,800






TABLE 35 CANADA: MANUFACTURING WATER USE SIMULATION
— ZERO DISCHARGE OF POLLUTANTS
   
Water
Industry Year Gross Use U.R. Withdrawal C.R. Consum.
Food and Beverage 1975 260 1.37 190 .1039 20
Textile 120 1.43 80 .1439 10
Paper and Allied Products 2,570 2.24 1,150 .0224 30
Chemicals and Chemical 2,130 1.51 1,410 .032 40
Products
Petroleum and Coal Products 620 2.51 250 .0742 20
Primary Metals 2,860 1.37 2,090 .1343 280
Transportation Equip. 380 2.2 170 .1209 20














































































































































































































































































Projection 2 occurs for Canadian water withdrawal under this
simulation.
It is extremely unlikly that this simulation will occur
in the absence of regulatory and economic instruments to promote
such an outcome in Canada. The result of this simulation is
reported solely for illustrative purposes and comparison with the
U.S. National Assessment Study.
4.2.1.12 Water Use Ranges Based on Simulation Runs
Because water use data collection in Canada is relatively
recent, insufficient measurements exist to allow a statistical
approach to this forecasting exercise. The simulation approach
taken here is an alternative and allows the selection of a range of
water use estimates around the MLP (Figures 7 and 8). A wide range
of alternatives have been covered in these forecasts, and it is
improbable that future manufacturing water use will fall Outside of
the indicated band, excluding the lowest curve. Trends in
environmental control, even in Canada, will induce more
recirculation (i.e. higher use rates) in the future than experienced
currently with attendant increases in water consumption. The high
growth rate future can probably be diSmissed because the growth
rates are thought too high to be experienced in a mature industrial
economy such as Ontario's. Eliminating this scenario, Table 36
gives the MLP water use projection together with the best estimate
of its upper and lower limits.
5.1 Mining Water Use: United States Most Likely Projection
Estimates of mining industry water requirements in the Great
Lakes region, based on the standard water withdrawal rates and
consumption percentages (Table 37) as applied to the OBERS SERIES E
mineral earnings were developed by the U.S. Bureau of Mines (USBM)


























































































































































































































production totals for each mineral group.



















GREAT LAKES BY SELECTED YEARS
(cfs)



















1985 8,550 8,750 7,580 340 360 300
2000 15,200 16,090 12,050 600 790 500
2015 25,050 30,600 18,050 1,010 1,700 790
2035 49,430 72,500 31,960 2,030 4,800 1,520
NOTE: High water consumption estimate represents a combination of high
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3. Estimates of water withdrawals and conSumptive uSe for 1975,
1985 and 2000 were made by; a) multiplying 1972 water withdrawals by
the earnings change rates for each mineral group and, b) determining
average consumption percentages of water withdrawals for each
mineral group.
TABLE 37 U.S.: WATER USE RATES & PERCENTAGES FOR THE MINERAL INDUSTRY
Industry Category Withdrawals Z Consumed Z Recirculation
(Gal/1972
production dollar)
Metals 92 14.5 88.2
Nonmetals 163 13.3 94.4
Fuels 52 55.2 60.0




















































































































































































































































































































































































































































































































































































































   
  
   
   
  
  
   






   
  
  



















































































































































































































2. Estimates of livestock production were derived from the
OBERS SERIES E projections of human p0pulation which were translated
into historical trends of commodity demands.
Projected livestock
production was allotted throughout the region on the basis of the
population projections.
3. The relationship between numbers of livestock and
associated commodities produced were estimated for each ASA with
data from 1970 Agriculture Census reports. This information and the
water use rates were used to develop conversion factors representing
daily stockwater requirements divided by commodity produced.
Conversion factors were assigned to each ASA in the region by visual
interpolation of the state factors. These factors were assumed
constant for 1975, 1985 and 2000 with no allowance for changes in
livestock composition or production efficiencies.
4. The projected annual livestock water requirements for the
period 1975 to 2000 were determined by multiplying the stock water
use rates times the projected livestock production figures.
Consumptive use rates are assumed to be 100 percent of withdrawal
rates. This may not be true in all cases of stock water use, but
quantities of return flow are extremely difficult to estimate and
are considered to be negligible in this study. Therefore,
withdrawal figures also represent consumptive use. Projections of
water withdrawals and consumptive use for the period 2005 to 2035
were derived by extrapolation.
6.2 Rural—Stock Water Use: Canada
The projection of livestock water use involved a forecast of
the number of animals by category. The categories used were beef
cattle, dairy cattle, pigs, lambs and sheep, and poultry. It was
assumed that dairy and meat products from Ontario livestock were
destined for Ontario markets; no account was taken of either exports
or imports. This assumption seems reasonable since Ontario is not a
large exporter of livestock or foodstuffs; it also simplifies the
forecasting process because it allows overlooking possible
export-import effects. In forecasting the number of animals by
category, the variable used was per capita consumption of meat
products for which statistics are available back to 1939; a time
































































































































































































































































































































































































































































































































































































































the basis of a study by Bangay (1), which contains data back to 1931.
The estimated livestock distribution amongst basins in 1975 is
shown in Table 40. When these numbers are multiplied by the
coefficients of water use shown in Table 40 (39) and then
aggregated, the resulting water withdrawal for the basin is 80 cfs.
The projection equations for each type of livestock are given in
Table 39. When the numbers of livestock are projected and
translated into water use, the total withdrawal increases at an
annual growth rate of 1.6 percent. All water withdrawals for
stockwatering are considered here to be consumed.
A high stockwatering estimate was computed using meat and dairy
consumption figures 20 percent above the MLP amounts. The low
estimate used meat and dairy consumption figures 20 percent below
the MLP; in addition the low estimate is based on the low population
projection (Table 14). With the changed assumptions built into the
projection model, water use for stockwatering attains a high
estimate of 270 cfs and a low estimate of 170 cfs by 2035. These
represent annual increases of 2.0 percent and 1.2 percent
respectively over the forecast period.
7.1 Irrigation Water Use: United States Most Likely Projection
The NAS figures for agricultural water withdrawals and
consumption were developed by the state offices of the U.S.
Department of Agriculture (USDA) and the Soil Conservaton Service
(SCS). The methodology used to obtain this data consisted of six
steps (63):
1. Estimates of cropland acreages for each type of crop in
each ASA were compiled from OBERS SERIES E projections of
agricultural development and the SCS state crop production reports
for 1975, 1985 and 2000-
F-82
  
 TABLE 39 CANADA: EQUATIONS FOR PER CAPITA MEAT AND DAIRY PRODUCT USE
Product Type of Maximum Equation Standard
Equation Value error of
(lbs/yr) estimate
Beef Logistic 125 Lan — l ) = —l.23 — .066X .80
Y 125
Dairy Exponential na Ln Y = 4.39 — .004X .49
Pigs Constant na Y = 55 na
Poultry Logistic 40 LnQL — l ) = 3e8 — .118X .92
Y 40
Mutton Constant na Y = 3 na
where Y = per capita value in pounds/year
X = year, with 1975, as 75, 1980 as 80,

























4 164 179 149
21 972 676 443
18 , 646 904 277
1 58 35 35

























































Rural - Stock Water Use*








































2. Crop consumptive irrigation requirement coefficients for
normal and high irrigation efficiencies for 1975 and 2000 were
calculated by the SCS Special Projects Division to correspond with
crop acreages in each water resources sub—area in each state. Crop
consumptive irrigation requirements were computed with the use of a
modified Blaney—Criddle method (63) that incorporates average
monthly temperature and precipitation, crop type and water
consumption, soil type, residual soil moisture, crop maturity,




irrigation water use coefficients were
developed




































































































































































































































































































































































 3. Adjust projections of golf c0urse acreage down to reflect
OBERS SERIES E population projections.
4. Apply water application rates from the GLBC App. 15
(Tables 15—6, 15—12) to golf course acreage to determine water
volumes required to irrigate this total acreage.
5. Project population and participation rates to 2035 and
apply to irrigation needs.
6. Adjust water needs down to reflect assumption that only 75
percent of designated golf course acreage is actually irrigated.
This constitutes the projected water withdrawal for golf course
irrigation (Table 41).
7. Although soil types vary throughout the basin, average
consumption on golf courses is assumed to be 75 percent of
withdrawals (GLBC, App. 15). This factor was applied to estimate
consumptive water use (Table 41).
Water required for use on public lands constitutes a small
proportion of the total irrigation water requirements. This
includes water used in national parks and forests, and lands




















recreational and mining activities.












































































































































































































































































































































































































































































































































































































































































































































































































 The forecasts for agriCultural, recreational, and public land
irrigation were summed to obtain irrigation totals.
7.2 Irrigation Water Use: Canada
Few data exist on irrigation water use in Ontario. Statistics
Canada commenced publication of irrigated acreages in 1960, and then
only on a 10—year time interval. Using the compound growth rate
between 1960 and 1970, the 1970 irrigated acreages were updated to
1975 (about 110,000 acres). For all counties wholly or partly
within the Great Lakes basin, for which irrigated acreages were
reported, it was assumed that 100 percent of that acreage was
contained within the basin. Using an average coefficient of 5.87
inches of water per acre (80), the land area was converted to water
use. Consumption was taken at 50 percent of withdrawal (39).
Irrigated areas were allocated amongst lake basins on the basis of
population distribution. This procedure is not correct strictly























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8.1 Power Generation Water USe: United States








for power withdrawals and consumptive use were derived in the
following steps:
1. Total power plant capacity within each lake basin was
calculated with information provided by the Great Lakes Basin
Commission Framework Study,
the 1979 East Central Area (ECAR) and
Mid America Interpool Network (MAIN), coordinated bulk electrical
supply reliability c0uncil reports, and the 1980 Atomic Industrial
Forum.
The Framework Study provided the base generation for 1970 and
plants scheduled for construction through 1980. Data from the
reliability council and Atomic Industrial Forum reports were used to
eliminate those plants scheduled or already removed from service,
update reported plant capacities, and add those plants scheduled for
construction by 1989.
2. Total nuclear and non—nuclear plant capacity for each ASA
was combined to determine total power generation within each lake
basin. Information ab0ut types of plants was obtained from the
cited reports. Total fossil plant capacity in terms of megawatts
(MN) for each lake basin were multiplied by a constant 4.15 and
nuclear plant capacities were multiplied by a factor of 6.72 to
obtain gigawatt hours (GW.h) generation.
Projected total thermal pOWer generation in the region,
percentage change in total generation, and the portion expected to
be supplied by nuclear plants are shown in Table 45.
3. Relationships between nuclear and fossil fueled power
generation and water usage with both once through and closed cycle
cooling systems were calCulated by data averaging (Table 43). These
water use rates Were derived from power and water use data and
background information in the Framework Study and 1978 National
Assessment Study.
They reflect 1) nuclear plants currently require approximately
50 percent more condenser water with once through coolingand
approximately 1/3 more with closed cycle cooling than fossil—fueled
plants of equal size and 2) the conversion from once through to
closed cycle cooling results in a 96 percent decrease in withdrawals
























































ThrOugh Cycle Through Cycle
Fossil .1978 .0081 .0021 .0054






























































year increments through the projection period.








5. Powar generation estimates for nuclear and fossil fueled
plants within each lake basin were then multiplied by the
appropriate water use factors and summed to obtain total water
withdrawal and consumptive use projections to 2035. Although power
growth rates in individual lake basins may range from 1.06 to 8.86
percent, the basin—wide average growth rate in power demand was 4.09
percent from 1975 to 1980 and is projected to be 4.7 percent from
1980 to 2000 based on new and planned construction. Water
withdrawals and consumptive use are assumed to increase in relation
to a four percent annual increase in power demand through 2035 in
accordance with the current conservation estimates of power
generation increases made by the power utilities.
6. The proportion of water obtained from lake (Table 46) and
non—lake scurces was estimated from Federal Energy Regulatory
Commission (FERC) projections of future plant sitings according to
the expected location of power markets and availability of water
supplies. These percentages Were applied to the MLP to obtain water






THERMAL ELECTRIC POWER GENERATION, PROJECTED







1975 1985 2000 2035 1975— 1975- 1975—
Lake BaSin 1985 2000 2035









Huron 12,190 21,930 44,870 170,340 80 268 1,297
Erie 67,450 86,870 160,110 608,130 29 137 802
Ontario/
St. Lawrence 16,360 38,250 89,580 411,540 134 448 2,412
Total 162,400 251,150 500,200 1,973,820 55 208 1,115
Nuclear Portion of Total (Z)
1975 1985 2000 2035
0 0 0 0
24 41 46 46
18 32 36 36
6 13 16 16
2 21 92 6_3
Total 20 34 39 39
TABLE 46 U.S.: PERCENTAGE OF TOTAL WATER USED FOR POWER GENERATION
EXTRACTED FROM THE GREAT LAKES
1975 1985 2000 2035
Lake W C W C W C W C
Superior 82 82 86 86 86 86 88 86
Michigan 80 84 83 86 85 87 86 88
Huron 7 7 3 3 2 2 2 2
Erie 62 62 72 75 81 85 85 90
Ontario/





8.1.2 U.S. Alternative Projections
8.1.2.1 Projection 2
1. This projection is extracted from the GLBC Framework
Study and was accomplished by the Federal Power Commission (FPC)
using 1970 data (18) (Table 47). The power and water use
projections for the period from 1970 to 1980 were obtained from the
responsible reliability councils by a procedure similar to that
described for the NAS (Projection 3). Only that power generation
drawing from the water resources within the Great Lakes basin was
included in this analysis.
Projections of future power requirements through 2020 were
made by regional advisory committees appointed to assist the FPC in
updating the National Power Survey. The committees relied primarily
on extrapolated projections made by the major utilities in the
region, and OBERS SERIES C projections of population and economic
growth (18).
2. Another significant assumption made by the Framework
Study was that fossil fueled plants would be phased out at the end
of their useful life and that nuclear plants would supply 98 percent
of energy needs by 2020. Greater efficiency and the use of less
condenser water by the nuclear plants was expected to be achieved by
1980.
3.
Projections of water withdrawals and consumptive use
for the period from 2020 to 2035 were derived by the application of
a 5.25 percent annual rate of power growth that was assumed by the






























































































































































































THERMAL ELECTRIC POWER GENERATION, PROJECTED




(Gigawatt Hours) 1975- 1975“
Lake 1975 1985 2000 1985 2000
Superior 3,334 3,761 36,655 13 999
Michigan 85,995 141,286 308,756 64 259
Huron 5,650 9,836 36,126 74 539
Erie 70,674 147,850 316,305 109 348
Ontario/
St. Lawrence 16,948 35,579 123,480 110 629


























Demand within a specific area is unlikely to match generation in
that same area. The utilities also provided annual estimates of
water withdrawals, return flows, types of power plants in operation
and rates of water consumption for the period from 1975 to 1990 to
the reliability c0uncils (65). The water demand forecasts were
obtained by extrapolation of the historical trends of each power
market area (PSA) using regression and correlation analysis. The
extrapolations were adjusted to reflect scheduled major load
changes, effects of energy conservation, and pollution abatement
requirements.
3. The information supplied by the councils covered
power and water needs for 80 percent of the Great Lakes region; the
FERC office prepared estimates for the remaining 20 percent. This
was accomplished by extrapolation of the council figures to 100
percent of estimated population and industrial needs.
Population
and industrial use forecasts and location of urban and industrial
centers were used to derive a best estimate of the distribution of
the anticipated power and water demands.
4. FERC used the OBERS SERIES E population and economic
growth projections
to extend
the 1985 projections of power and water
use to 2000.
Anticipated increase in use of electricity in the


















































































































































































































































































 8.1.2.3 Projection 4
This projection (Table 48) uses the same assumptions and
data base as described in the MLP to 2000. The same assumptions
concerning mix of power plants and cooling systems are then applied
to an assumed annual power generation growth rate of five percent.
This projection, as such, represents a high estimate of projected
water consumption.
8.1.2.4 Projection 5
This projection (Table 48) uses the same assumptions and
data base as described in the MLP to 2000. The same assumptions
concerning mix of power plants and cooling systems are then applied
to an assumed annual power growth rate of three percent. It then
represents a low estimate of projected water consumption.
8.1.2.5 Projection 6
These water withdrawal and consumptive use projections
(Table 48) are based on the assumption that power companies could
justify variances from the current waste heat mandates of the Clean
Water Act. The primary assumption is that flow—through technology
rather than closed cycle cooling will be used at those existing
plants that have not incorporated closed cycle and at projected





















systems is expressed in large increases in water withdrawals with
relatively little increase in consumptive use.























water use rate of 0.2061 cfs/Gw.h.
This average rate reflects the 80 percent fossil—20
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8.2 Power Generation Water Use: Canada
Thermal power generation, the largest water user in the
Canadian basin, is an extremely important sector of the Ontario
economy. Its output is a vital foundation for all socio—economic
activities in the province. The total installed capacity of all
power production plants in the province was 18,300 megawatts (MW) in
1975 (47). Thermal power production facilities accounted for 63
percent of this total capacity; all of these facilities are located
within the Great Lakes basin.
of the 11,000 MM of installed thermal
power generating capacity, 79 percent is accounted for by
conventional coal and oil fired plants, 21 percent by nuclear plants
and a negligible amount by other plant types such as gas turbine
operations.
8.2.1 Assumptions for MLP ProjeCtions
The energy forecasts in this section are taken from several
sources, and tend to be chosen on the conservative side of current
predictions. As in other sectors, many assumptions underlie the MLP
projections for thermal power generation. The main ones are that
all thermal plants will employ once—through cooling systems, and
that no substantial curtailments will be forced-by environmental
considerations. Some of these assumptions will be altered in order
to obtain a range of projections.
8.2.2 Methodology
Since the methodology used in making the thermal water use
forecasts differ completely from the methodology used in other
industrial sectors, it is necessary to describe the procedures
used. Assistance was provided by the provincial power utility,
Ontario Hydro in developing this methodology (36). ThroughOut this
section, only the Ontario Hydro system is considered, since minor
industrial power producers were included in the manufacturing water
uses. Also the forecasts are made assuming the non—conventional
sources (e.g. solar power) will contribute under 10 percent of needs
by 2035.
Forecasting water use for thermal power production must occur
with the framework of overall power system planning (52). In this
planning process, the emerging demands are quantified, the amount of
power required to meet them is calculated, and the existing power
network is expanded accordingly. However, since the normal
corporate planning process extends at most to 25 years in the
future, official projections of energy demands, peak loads, etc.,
are available only for the first part of the study period. Also,
firm planning (called a "committed expansion program" by Ontario
Hydro) for future facility location is available only to 1990-
Thus, the methodology adopted had to allow for the long time frame
of this study and the lack of a conmitted generation program past
1990. As in other sectors, a MLP and a number of alternatives Were
constructed.
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 A forecast of peak energy demands made by Ontario Hydro (Table
50), provided the starting point for the projection of water use
(47). The agency allows at least a 25 percent excess of installed
generating capacity over the peak demands. Thus, for each five—year
period beginning in 1975, the installed generation requirements
could be calculated up to 2005. After 2005, the installed
generating requirements were extended by extrapolation on the basis
of four percent annual growth. This process provided a MLP of the
capacity which will be required in the system. For the
alternatives, growth rates in the peak energy demands and thus the
installed generating requirements were taken at five, four and three
percent annual growth rates to provide high, medium and low
estimates, respectively.
With the required capacities in place, the generating
facilities were broken down into hydraulic, fossil and nuclear
types. For the years to 1990, Ontario Hydro has a committed
expansion program (Table 49), making it relatively simple to expand
the current system. For 1990 to 2000, the agency has an unofficial
and completely tentative program. Past that year, the excess of
installed generating requirements over the capacity of the system in
2000 was divided 65 percent nuclear and 35 percent fossil generating
plants, with no expansion seen for the hydraulic system. For the
medium and low alternatives this split was taken at 85 percent
nuclear and 15 percent fossil.
With the broad outlines of the system in place, it was
necessary then to determine the energy production from the
hydraulic, nuclear and fossil fuel plants. This involves the use of
a plant load factor,which quantifies the percentage of time during a
year in which a plant operates. For this study, system—wide
averages were adopted, based upon current experience and informed
guesswork. For the hydraulic plants, currently 38,384
gigawatt—hours (GW.h) are produced by an installed capacity of 6,156
megawatts (MW).
This yields a plant load factor of 70 percent,
which was assumed to apply throughout the study. The plant load
factor (PLF) for nuclear plants was assumed at 75 percent, with the
PLF for fossil fuel fired plants varying to meet the remainder of
the energy demand.
For the energy demand projections, MLP figures













Once the actual energy production for each type of plant was








cfs per megawatt, which translates to 45 gallons per kilowatt—hour
(KW.h) of energy production.
The corresponding figures
for fossil
























































In Place by the
End of: Facility Name Capacity (MW) Type
1980 Lennox 1,732 coal
Nanticoke 1,593 coal
1985 Pickering B (4 units) 2,064 nuclear
Bruce B (2 units) 3,024 nuclear
1990 Darlington 3,524 nuclear
2000 unspecified hydraulic 1,100
unspecified nuclear 11,450
unspecified fossil 2,750
NOTE: The last entries constitute an uncommitted expansion by Ontario Hydro, are
CANADA: ONTARIO HYDRO GENERATION EXPANSION PLAN, 1980 - 2000
based on preliminary analysis, and are subject to changes in line with
emerging demand conditions. Their adoption was based upon judgement by Tate
(58), not upon any urging by Ontario Hydro officials.
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 the Great Lakes, and for the period to 2000 there is some idea as to
the precise location. After 2000 it is assumed that 95 percent Of
the installed capacity, and accordingly 95 percent of the water use,
will be in the basin. Known stations and their water uses were
allocated easily among the lake basins. After 2000, however, the
distribution of capacity was determined judgementally on the basis
of past location decisions and the future distribution of population
and industrial activity.
8.2.3 MLP Power Production and Water Use
Peak demands on the Ontario Hydro system totalled 13,500 MW
during 1975
(Table 50), giving a required installed generating
capacity of 16,875 MW. According to Ontario Hydro data (55), the
total capacity of the system was 17,320 MW (excluding purchases),
resulting

























































































































































































































































































































shown in Table 50.
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Year Peak Demand Required Installed (MW) (GWh)
(MW) Generating Capacity Total Hydraulic Nuclear Fossil Required Hydraulic Nuclear Fossil
1975 13,500 16,875 17,320 6,156 2,284 8,825 81,503 38,384 11,859 31,260
1985 21,176 26,470 28,593 6,156 10,272 12,165 126,959 38,000 67,487 21,472
 
2000 41,693 52,116 52,116 7,265 25,246 19,605 243,572 39,500 165,900 38,172
2015 75,087 93,858 93,858 7,265 52,378 34,215 454,517 39,500 344,123 79,895















1975 2,715 3,881 6,600
20 30 50
1985 15,409 2,941 18,350
115 22 137
2000 36,260 5,006 41,270
271 37 308
2015 70,819 9,864 80,680
561 78 639
2035 182,717 14,433 197,150 1341 204 1544
  
Water withdrawals in 1975 at Ontario thermal plants totalled
6,600 cfs on the basis of the coefficients given in Section 8.2.2.
This amount is confirmed by the responses to the Environment Canada
survey of water use for thermal power generation. By 2035, this
withdrawal rises to 197,150 cfs, an increase of 5.8 percent per
annum. The inherent shift to nuclear power plants, a larger water
user than fossil plants, in the MLP causes the water use growth rate
to be 1.7 percent per annum above the growth of power generating
capacity. Taking consumption to be 0.75 percent of withdrawals, the
total amount of water consumed by thermal power plants in 1975 was
50 cfs and will increase to 1,540 cfs by 2035.
The breakdown of total water use by lake basin is given in
Table 51. This was done by locating each existing and planned plant
by basin and disaggregating total water use in line with the
capacities of these plants. After 1990, when the precise location
of plants is unknown, constancy was assumed in the lake basin
proportions.
Since water use distribution amongst lake basins was
assumed constant for all scenarios, similar tables to Table 51 (i.e.
for the MLP) have not been developed.
8.2.4 Alternative Water Use Projections for Canada
A total of six alternatives
to the MLP were prepared;
three



























done for the MLP.

























































































































































































































































































































































































































































































The high growth scenario has the highest projection of
power production and water use (Table 53). Both water withdrawal
and consumption increase by 6.6 percent in this projection. The
shift to nuclear power is apparent here because the water use growth
rate is higher than the capacity expansion rate. The lowest water
uses are contained in the low growth scenario with a capacity
expansion rate of 3.0 percent per annum (p.a.) and a water use
growth rate of 4.7 percent p.a. '
8.2.4.2 Technological Change
The technological alternatives focus upon changes in the
type of cooling system employed in Ontario thermal generating
stations. All current cooling systems are of the once through
type. The medium technology alternative employs cooling ponds on
all new capacity installed in the future, re—using water from the

















too hard for subsequent use. The intensive technology alternative
employs cooling towers instead of cooling ponds, but the
























































































































































































































































































































































































































































































































































































































































































































































































Figure F-18 Figure F-20
Cooling Water Requirements
31201119 water Regulrg'lne't‘t:
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water withdrawals increase very slowly over time.
Consumptive use
is highest for the cooling tower option with an average annual
increase of 6.8 percent as Opposed to the MLP rate of increase of
5.9 percent.
8.2.5 Water Use Ranges
0n the basis of the alternative projections developed in this
section, ranges of water withdrawal and consumptive use can be
derived (Table 55 and Figures 22 and 23). For withdrawal, two
estimates for the low projection are shown. The first of the latter
would pertain under the low growth scenario, with no alteration in
the cooling systems in use. The second would come about only with
adoption of closed—cycle cooling using cooling ponds (i.e. the
medium technology scenario). The two estimates are shown because of
the radically different nature of the cooling systems assumed.
Similarily, two high projections are shown for consumptive use, the
second pertaining only to the adoption of closed cycle cooling via
the use of cooling towers. Since water withdrawal in a closed cycle
system is only for replacement of consumptive use, and since cooling
ponds present slightly lower amounts of consumptive uses, the medium
technology scenario gives the lowest water withdrawal, while the
cooling tower Option gives the highest estimate of consumptive use.
9.1 Comparison With International Great Lakes Levels Board (IGLLB)
Report
Municipal withdrawals are substantially higher in the IGLLB
estimate (Table 56). An important element is the high average
annual population growth rate used in the IGLLB study. In the
present study the OBERS SERIES E 0.9 to 0.3 percent growth rate in
U.S. population is projected whereas the IGLLB report projected a
1.4 percent annual growth rate. A 1.4 percent growth rate is
currently projected in Canada as contrasted with the earlier 2.1
percent per year. In addition, the portion of municipal pumpage
allocated to industry is included in the Levels Board estimate.
This portion is unstated in the report and background, but is
estimated at 22 percent on the basis of current research. This
allowance would reduce the Levels Board estimate to within 12
percent of the current Canadian forecast, and only about eight
percent higher than the current 2030 projection despite a
significantly greater municipal population. The current estimates
are based upon complex, area—specific coefficient generators, in
contrast to a constant coefficient of 128 gallons per capita—day for
the IGLLB estimates. The coefficient calculation used in the
current estimates would tend to make the per capita use higher than
the earlier estimates but the IGLLB higher population assumption
more than offsets this tendency, with the result that the two
estimates are actually rather close. The IGLLB report estimated
that consumptive use will be a constant percentage of withdrawals
through the projection period amounting to 10 percent of municipal,
40 percent of rural-domestic and 95 percent of livestock
withdrawals. The U.S. consumes an average of 11 percent and the
Canadians 15 percent of municipal withdrawals. Rural—domestic per













WATER USE RANGES FOR THERMAL POWER GENERATION
(cfs)
Withdrawal1 Consumption2
High MLP Lowl Low2 Highl High2 MLP Low




























































































Thermal Power Plant Ranges -






















































































         
 

















































































































































     
 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The higher percentage consumptive use in the IGLLB report
offsets the lesser projection of irrigated acreage resulting in
similar projected growth rates. However, the lower base in the
IGLLB report results in a projection that is 28 percent of the
current 77 U.S. projection, 77 percent of the current Canadian
projection and 39 percent of the combined projections by the year
2030.
In the earlier part of the power forecast (Table 56), it is
clear that the IGLLB study estimates are considerably higher than
the present Canadian study.
This is due to a large expansion
foreseen in the IGLLB study to occur by 1985. This did not
materialize, resulting in an overestimate of consumptive use.
By
2030, however, a higher growth rate in the current study than in the
IGLLB study brings the latter's estimate to within six percent of
the current Canadian projection.
In the U.S. portion of the basin, the IGLLB report indicated































































































































































































































































































































IGLLB — International Great Lakes Levels Board
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Water Use Data by Lake Basin
 
Lakes Total Withdrawal Water Use
Lakes Total Consumptive Water Use
Total Water Use Data
Withdrawal Water Use
Consumptive Water Use
Lake Superior Withdrawal Water Use
Lake Superior Consumptive Water Use
Lake Michigan Withdrawal Water Use
Lake Michigan Consumptive Water Use
Lake Huron Withdrawal Water Use
Lake Huron Consumptive Water Use
Lake Erie Withdrawal Water Use
Lake Erie Consumptive Water Use
Lake Ontario Withdrawal WaterUse
Lake Ontario Consumptive Water Use
United States Water Use Data
Total Withdrawal Water Use
Total Consumptive Water Use
Lake Superior Withdrawal Water Use
Lake Superior Consumptive Water Use
Lake Huron Withdrawal Water Use
Lake Huron Consumptive Water Use
Lake Erie Withdrawal Water Use
Lake Erie Consumptive Water Use
Lake Ontario Withdrawal Water Use
Lake Ontario Consumptive Water Use
Canada Water Use Data
Total Withdrawal Water Use
Total Consumptive Water Use
Canada Lake Superior Withdrawal Water Use
Canada Lake Superior Consumptive Water Use
Canada Lake Huron Withdrawal Water Use
Canada Lake Huron Consumptive Water Use
Canada Lake Erie Withdrawal Water Use
Lake Erie Consumptive Water Use
Canada Lake Ontario Withdrawal Water Use























































































































































































































































































































































































































































































































































































































































































































































   
 TABLE 3 TOTAL W1THDQAWAL VATEW USF CFS
USE / YEAR 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
MUN LAKE 5510 IR970 6:100 6730 7100 7450 7850 11260 A660 90510 Q5130 Q920 10390
MUN NDLK 1450 1550 1660 1740 1860 1950 2050 2180 2300 2420 2550 2690 2820
"UN TnTL 7060 7530 7980 8470 8960 9400 9900 10400 10960 11500 12050 12610 13210
no“ LAKE 0 0 O 0 O 0 0 0 0 0 0 0 0
00M NOLK 560 580 610 630 640 6&0 640 670 680 680 690 730 7‘0
00“ TDTL 560 590 610 630 6‘0 640 6A0 670 680 680 690 730 700
NAN LAKE 23650 25070 26870 28940 31360 34120 37200 40630 46580 09180 50600 60920 68300
"AN NDLK 2370 2570 2830 3110 3470 3860 0270 4700 5300 5950 6710 7600 8680
MAN TDTL 26030 27690 29700 32050 3ﬁ630 37980 31470 05370 “9880 55130 61310 68520 77020
"1” LAKE 860 950 1030 1130 1210 1290 1370 1480 1550 1600 1720 1810 1900
"IN NDLK 350 400 050 530 610 690 790 870 1010 1120 1280 1500 1710
"IN TOTL 1210 1350 1680 1660 1820 1990 2160 2350 2560 2760 3000 3310 3510
51K LAKE O 0 0 O 0 O 0 O 0 0 0 O 0
STK NDLK 210 220 230 2‘0 250 250 260 280 290 310 3‘0 3‘0 360
57K TOTL 210 220 230 250 250 250 260 280 290 310 3‘0 340 360
199 LAKE 0 0 O 0 O O 0 0 0 0 0 O D
10D NOLK 080 550 610 690 750 790 860 920 990 1060 1130 1200 1280
190 TOTL 030 550 610 690 750 790 860 920 990 1060 1130 1200 1280
Dun LAKE 29500 32620 40050 58620 63620 70360 95470 112130 129520 163820 193900 235470 271230
Dun NOLK 10570 16490 10230 9730 nMo 10080 10650 11320 12160 131°o 1&360 15770 17650
own TOTL aoo7n aqlno 53280 68350 72360 89540 106120 123450 1axsao 177010 213350 2512ao 291890
707 LAKE 59630 70510 82290 9sa2o 1on290 122220 1a1eqo 162500 1aa310 223720 264810 306120 354870
707 NOLK 12990 16360 16600 16670 17320 13260 19520 20990 22730 24730 27060 29810 33240
101 TOTL 75620 86970 9aeoo 112090 128610 1aoaao 161410 163090 207000 248050 291370 337950 388110
TABLE 4 TOYAL CONSUMPTIVE HATER USE CFS
USE / YEAR 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
"UN LAKE 660 710 730 790 630 880 960 980 1030 1090 1150 1200 1260
“UN NOLK 170 170 190 190 190 190 200 220 2h0 250 250 270 280
MUN TUTL 830 880 920 980 1020 1070 1100 1200 1270 1300 1400 1070 15¢0
DO” LAKE 0 0 0 0 0 0 0 0 0 O O O 0
DO“ NOLK 330 360 380 390 390 390 390 390 .000 310 420 420 630
DOM TOTL 330 360 380 390 390 390 390 390 000 010 020 420 ‘30
















































































109 NOLK 360 A20 #80 5‘0 580 630 670 700‘ 810 850 920 960 1030
1RD TDTL 360 ‘20 430 560 580 630 670 740 810 850 920 960 1030
DID LAKE 360 530 770 1110 1550 21.0 2700 3400 ‘330 5060 6800 8310 10230

















































TABLF 5 TDYAL LAKF SUDEDIHQ VITHDQAWAL VATED NSF CFS
USF / YEAR 1975 1920 1955 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035
MUN LAKE 70 70 70 80 20 R0 HO HO 00 90 90 90 100
"UN NOLK ‘0 40 do 30 30 30 30 30 30 30 30 30 30
"UN YOYL 110 110 110 110 110 110 110 110 110 120 120 120 130
0”“ LAKE 0 0 0 0 0 0 0 0 0 0 0 O 0






























“A” YUYL 1110 1270 1080 1720 2000 2310 2600 3050 3500 3060 A700 5000 6360
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































WITHDDAWAL WATER USE CF5
1985 19°0 1995 2000
360 390 A10 aao
100 110 120 130
480 500 530 570
0 0 0 0
00 90 100 100
R0 90 100 100
2180 2350 9770 3150
600 700 R30 900
2730 3150 1600 4130
120 130 140 150
200 200 290 350
320 370 “30 500
0 O 0 0
5o 50 60 60
50 50 50 60
0 0 O 0
a0 50 60 50
50 50 60 60
A850 7200 Q650 12050
2760 3010 3350 3700
7610 10250 11000 15800
7510 10210 12970 15730
3830 A250 0810 5400
11340 14060 17730 21250
CnNSUMDTIVE WAYFR UﬁE (F5
1935 1990 1905 9on0
100 1°C 200 210
20 ?0 Do 90
200 210 220 230
D 0 0 O
50 60 60 60
50 60 60 60
100 130 170 220
30 a0 50 ‘0
130 170 220 250
10 10 20 20
10 10 10 20
20 20 30 a0
0 0 0 0
50 50 60 SO
, so so so so
0 O 0 0
“0 AG 50 50
do ‘0 5o 50
40 50 70 60
70 100 140 100
110 150 210 230
330 380 050 540
270 320 3°0 460






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$UDERlDQ WITHDRANAL HATFH UEE
1905 1990 1995 P000
40 SO 50 S0
30 20 ’0 70
7O 70 7O 70
O 0 0 O
10 10 10 IO
10 In 10 10
3°C 000 410 “PO
30 40 ‘0 40
020 4‘0 “50 360
300 320 330 JQO
70 A0 A0 90
370 400 410 030
0 O 0 O
0 0 0 O
0 0 0 0
0 O 0 0
P0 P0 20 ?0
90 20 20 70
700 710 690 640
110 1?0 110 100
810 530 800 7‘0
1010 1a90 voao laso
270 290 200 290
1700 1770 1760 1730
SUDFDVUD FONSUMDTYVF HATED “SF
1905 19°0 19q5 ?000
10 10 10 10
0 0 0 0
10 1O 10 10
0 0 0 0
10 10 10 10
10 10 10 10
50 50 70 HO
10 1O 10 10
60 70 ’10 no
110 1?0 190 190
30 30 30 ‘0




0 O 0 0
0 O 0 0
O 0 0 0
10 ?0 20 P0
10 )0 Po P0
10 20 20 30
0 0 O 0
10 ’0 P0 30
100 210 220 260
60 70 70 70
























































































































































































































































































































































IAKE HURON WITHDDAWAL HAYED USE
1985 1900 19°5 2000
290 310 330 350
00 A0 50 50
330 350 330 000
0 0 0 0
60 60 70 70
60 60 70 70
900 1020 1000 1070
90 q0 90 100
1080 1110 1130 1170
120 130 140 150
30 30 30 A0
150 150 170 1QD
0 o 0 O
10 10 10 10
10 ,10 10 10
0 0 0 0
20 30 30 30
20 10 3O 30









2850 30°0 ‘A30 3870
1090 ISAO 1590 1650
3010 3270 1630 AOOO































































































0 0 0 0
no ‘0 a0 40
no no 60 00
a0 50 70 100
0 10 ‘0 10
do 60 no 110
10 lo ?0 PO
10 10 10 10
20 20 30 10
O 0 O 0
10 IO 10 10
10 10 10 10
0 0 0 0
90 20 30 30
20 20 30 30
0 0 O 0








220 2‘0 230 320




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































       



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Great Lakes Total Consumption
By Lake Basin
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Great Lakes Total Consumption
By Water Use
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